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(57) ABSTRACT

Aspects of the invention can provide a bank forming method
capable of forming banks having a good shape with excellent
productivity. Banks for partitioning a predetermined area of a
base member can be formed on the base member by radiating
light onto the base member on which a sublimation layer
containing a sublimation material 1s formed and sublimating
the sublimation material.
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BANK FORMING METHOD, WIRING
PATTERN FORMING METHOD,
ELECTRO-OPTICAL DEVICE, AND
ELECTRONIC APPARATUS

BACKGROUND OF THE INVENTION

1. Field of Invention

Aspects of the mvention can relate to a bank forming
method of partitioning a predetermined area on a base mem-
ber, a wiring pattern forming method using the banks, an
clectro-optical device, and an electronic apparatus.

2. Description of Related Art

Related methods of manufacturing devices having minute
wiring patterns, such as semiconductor integrated circuits,
include the photolithography method which has been widely
used, and device manufacturing methods using a liquid drop-
let ejecting method (an inkjet method) have also been of
interest. When the minute wiring patterns are formed using
the liquad droplet ejecting method, a method of forming banks
as partitioning members on a base member so as to enhance
precision of the pattern line width and arranging droplets of
functional solutions between the banks has been suggested.
Further, 1n Japanese Unexamined Patent Application Publi-
cation No. 6-347637, a technmique of arranging functional
solutions having a specific surface tension between the banks
(black matrix) by using the liqud droplet ejecting method 1s
disclosed, where the banks (black matrix) are formed using
the photolithography method. Furthermore, in Japanese
Unexamined Patent Application Publication No. 2001-
130141, a technique of bringing a donor sheet, in which a
transier layer 1s provided, into close contact with a substrate,
transierring a part of the transfer layer to the substrate by
radiating a laser beam onto the donor sheet, and utilizing the
transierred transier layer as the banks 1s disclosed.

SUMMARY OF THE INVENTION

However, the atorementioned related arts have the follow-
ing disadvantages. As disclosed 1in Japanese Unexamined
Patent Application Publication No. 6-347637, 1n the case
where the banks are formed using the photolithography
method, many processes such as a developing process, etc.
are required, thereby lowering productivity. In addition, as
disclosed 1n Japanese Unexamined Patent Application Publi-
cation No. 2001-130141, in the case where the banks are
transierred to a substrate from a donor sheet, a bad transier
condition can cause shape deterioration of the banks formed
on the substrate.

Aspects of the invention can provide a bank forming
method capable of forming a bank having a good shape with
excellent productivity. In addition, 1t 1s also an object of the
invention to provide a wiring pattern forming method of
forming a wiring pattern using the bank, an electro-optical
device having the wiring pattern, and an electronic apparatus.

In order to achieve the above object, there can be provided
a bank forming method of forming a bank for partitioning a
predetermined area of a base member on the base member, by
radiating light onto the base member on which a sublimation
layer containing a sublimation material 1s formed and subli-
mating the sublimation material. Here, the sublimation mate-
rial may contain a sublimation pigment. According to the
invention, by radiating the light onto the base member having
the sublimation layer, the sublimation material 1s sublimated
due to the heat resulting from the radiated light and thus the
sublimation material can be removed. Accordingly, by radi-
ating the light onto areas corresponding to bank patterns to be
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2

formed, the sublimation material of the light-radiated area 1s
removed and thus the banks having a desired pattern can be
formed on the base member. Further, according to the mnven-
tion, since the banks are formed by removing the sublimation
material ol portions corresponding to the light-radiated areas,
the banks can be formed without performing the transier
process, so thatitis possible to prevent deterioration of a bank
shape due to transfer irregularity, etc.

In the bank forming method according to the mvention, a
photothermal conversion layer containing a photothermal
conversion material for converting optical energy into ther-
mal energy may be provided on the base member. As a result,
by efficiently converting the optical energy of the radiated
light into the thermal energy and supplying the thermal
energy to the sublimation material of the sublimation laver,
the sublimation material can be sublimated and removed from
the base member. Specifically, by providing the photothermal
conversion layer between the base member and the sublima-
tion layer and allowing the sublimation layer to be opened
(exposed) externally, the sublimation material can be
smoothly discharged (sublimated) externally. Furthermore,
in the bank forming method according to the present mnven-
tion, the photothermal conversion material may be mixed into
the base member and the photothermal conversion material
may be mixed into the sublimation layer. In this construction,
the optical energy of the radiated light can be also converted
into the thermal energy and the thermal energy can be sup-
plied to the sublimation material.

In the exemplary bank forming method according to the
invention, an adjusting material for adjusting an affinity for
liquid may be mixed into the sublimation layer. As a result,
when a functional solution 1s arranged with respect to the
banks after forming the banks, a position or a damping and
diffusing condition of the functional solution to be arranged
can be controlled. In this case, a plurality of sublimation
layers having different aflinities for liquid may be stacked. As
a result, the position or the damping and diffusing condition
of the functional solution to be arranged can be controlled
more preferably. Specifically, by utilizing a construction
where a first sublimation layer and a second sublimation layer
having a more lyophobic property than that of the first subli-
mation layer are stacked on the base member 1n this order, for
example, when the functional solution 1s arranged between
the banks after forming the banks, the functional solution can
be damped and diffused well 1n the vicinity of the bottoms
between the banks. In addition, even when the functional
solution 1s arranged 1n the vicinity of the tops of the banks, the
functional solution in the vicinity of the tops can be allowed
to tflow down and can be arranged 1n the bottoms due to the
lyophobic areas of the tops. Furthermore, mstead of mixing
the adjusting material into the sublimation layer for forming
the banks in advance, a surface treatment for adjusting the
aifinity for liquid may be performed after radiating the light.
By utilizing this construction, the functional solution can be
also arranged well between the banks.

In the bank forming method according to the invention, the
light may be radiated from one surface side of the base mem-
ber on which the sublimation layer 1s provided, and the light
may be radiated from the other surface side of the base mem-
ber on which the sublimation layer 1s not provided. When the
light 1s radiated from the one surface side, the light can be
radiated to the sublimation layer or the photothermal conver-
s1on layer without passing through the base member, so that
the light can be radiated to desired positions without gener-
ating variation of the light-radiated position due to difiraction
or scattering of light resulting from interposing the base
member and thus the banks having a desired shape can be
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formed. Further, when the light 1s radiated from the other
surface side, the light can be radiated directly to the photo-
thermal conversion layer through the base member by pro-
viding the photothermal conversion layer between the base
member and the sublimation layer, so that the optical energy
can be efficiently converted into the thermal energy and the
thermal energy can be supplied to the sublimation layer. In
this case, the sublimation material of the sublimation layer to
which the thermal energy has been supplied 1s smoothly
dlscharged (sublimated) externally.

In the bank forming method according to the invention, the
light may be a laser beam, and light having a wavelength
corresponding to the photothermal conversion material may
be radiated. As a result, the optical energy applied to the
photothermal conversion material can be efficiently con-
verted 1nto the thermal energy.

In the bank forming method according to the invention, the
light may be radiated to the base member through a mask
having a predetermined pattern. As a result, minute bank
patterns smaller than a beam diameter of the radiated light can
be formed. On the other hand, the light radiation may be
performed while relatively moving the base member with
respect to the light. That 1s, the bank patterns may be drawn
while relatively moving the radiated light (laser beam) and
the base member, and 1n this construction, a process of manu-
facturing the mask can be omitted.

In the bank forming method according to the invention, the
maternal separated from the base member may be vacuumed
and removed. According to the invention, by vacuuming the
sublimated sublimation material and the other materal sepa-
rated from the base member, the materials can be removed, so
that the separated (sublimated) material can be prevented
from being attached to the base member again.

Further, according to another aspect of the invention, there
1s also provided a wiring pattern forming method of forming
the wiring patterns on the base member by arranging liquid
droplets containing a wiring pattern forming material
between the banks formed using the atorementioned bank
forming method. According to the invention, by utilizing the
liguid droplet ejecting method, 1t 1s possible to form the
minute wiring patterns well while preventing waste of the
material to be consumed.

Further, according to another aspect of the invention, there
1s also provided an electro-optical device having the wiring
patterns formed on the base member using the wiring pattern
forming method. According to another aspect of the mven-
tion, there 1s also provided an electronic apparatus compris-
ing the aforementioned electro- optlcal device. Accordmg to
the invention, since the minute wiring patterns formed using,
the liquid droplet ejecting method can be provided, it 1s pos-
sible to provide an electro-optical device and an electronic
apparatus having the electro-optical device, which can
achieve desired performance. Further, examples of the elec-
tro-optical device may include a liquid crystal display device,
an organic EL. (Electroluminescence) display device, and a
plasma display device.

A bank 1s a partitioming member for partitioning a prede-
termined area on a base member, and includes a bank for
achieving precision of a pattern line width of a wiring pattern,
etc., a bank (black matrix) provided 1n a color filter of a iquud
crystal display device and isolating adjacent pixels, a bank
provided 1n an organic EL display device and isolating adja-
cent pixels, and so on.

The aforementioned liquid droplet ejecting method can be
embodied using a liquid droplet ejecting apparatus compris-
ing an ¢jecting head and the liquid droplet ejecting apparatus
that can include an inkjet apparatus having an inkjet head. The
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inkjet head of the inkjet apparatus can quantitatively eject
liquid droplets of a liquid material including a functional
solution by using the inkjet method, and can quantitatively
and intermittently drop a liguid matenal of, for example, 1 to
300 ng per dot. The liquid droplet ejecting apparatus may be
a dispenser.

The liqmd maternial means a medium having viscosity
capable of being ejected (dropped) from ejecting nozzles of
the ejecting head of the liquid droplet ejecting apparatus.
Whether the liquid material 1s aqueous or oily is irrelevant. It
1s sulilicient as long as the liquid material has fluidity (viscos-
ity) capable of being ejected from the e¢jecting nozzles, and
even when a solid material 1s mixed thereto, 1t 1s sufficient as
long as they form a fluid as a whole. The material contained 1n
the liquid material may be heated and dissolved at a tempera-
ture higher than a melting point, may be mixed as fine par-
ticles 1 a solvent, and dyes, pigments, or other functional
materials may be added thereto 1n addition to the solvent.

Further, the functional solution is a liquid material contain-
ing a functional material, and performs a predetermined func-
tion through arrangement on the base member. Examples of
the functional material may 1nclude a liquid crystal display
device forming material used for forming a liquid crystal
display device including a color filter, an organic EL display
device forming material used for forming an organic EL
(Electroluminescence) display device, a plasma display
device forming material used for forming a plasma display
device, and a wiring pattern forming material containing
metal for forming a wiring pattern for supplying power, and
SO On.

BRIEF DESCRIPTION OF THE DRAWINGS

The mmvention will be described with reference to the
accompanying drawings, wherein like numerals reference
like elements, and wherein:

FIG. 1 1s a schematic diagram illustrating an exemplary
embodiment of a bank forming apparatus used 1 a bank
forming method according to the mnvention;

FIG. 2 1s a schematic diagram illustrating an exemplary
embodiment of the bank forming method according to the
invention;

FIG. 3 1s a schematic diagram illustrating another exem-
plary embodiment of the bank forming apparatus used 1n the
bank forming method according to the invention;

FIG. 4 1s schematic diagram illustrating another exemplary
embodiment of the bank forming method according to the
imnvention;

FIG. 5 1s a schematic diagram illustrating another exem-
plary embodiment of the bank forming method according to
the invention;

FIG. 6 15 a schematic diagram illustrating another exem-
plary embodiment of the bank forming method according to
the invention;

FIG. 7 1s a schematic diagram illustrating an exemplary
embodiment of a wiring pattern forming method according to
the invention;

FIG. 8 1s a schematic diagram illustrating an ejecting head
used 1n the wiring pattern forming method according to the
imnvention;

FIG. 9 1s an exploded perspective view of a plasma display
device illustrating an example of an electro-optical device
having the wiring patterns formed using the wiring pattern
forming method according to the invention;

FIG. 10 1s a diagram 1llustrating an example of an electro-
optical device manufactured using the banks formed through
the bank forming method according to the mvention, where
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an example of processes of forming a color filter of a liquid
crystal display device 1s shown;

FIG. 11 1s a diagram 1llustrating an example of the electro-
optical device manufactured using the banks formed through
the bank forming method according to the mvention, where
an example of a process of forming a side cross-sectional
view ol an organic EL display device 1s shown;

FIG. 12 1s a diagram illustrating an example of an elec-
tronic apparatus having the electro-optical device according,
to the invention;

FIG. 13 1s a schematic diagram illustrating processes of
forming a micro lens using the banks according to the mven-
tion;

FI1G. 14 1s a diagram illustrating an exemplary embodiment
ol a color filter including micro lenses;

FIG. 15 1s a schematic diagram 1illustrating an exemplary
embodiment of a DNA chip formed using the banks accord-
ing to the mvention; and

FIG. 16 1s a schematic diagram illustrating processes of
forming the DNA chip using the banks according to the
invention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

1]
Y

ERRED

Hereinafter, an exemplary bank forming method according,
to the invention will be described with reference to the accom-
panying drawings. FI1G. 1 1s a schematic diagram 1llustrating,
an exemplary embodiment of a bank forming apparatus used
in the bank forming method according to the invention. In
FIG. 1, the bank forming apparatus 10 can include a laser
source 11 for radiating a laser beam having a predetermined
wavelength and a stage 12 for supporting a base member 1
which 1s a processing target. A sublimation layer 2 containing
a sublimation material 1s formed on the top surface of the base
member 1. The laser source 11 and the stage 12 for supporting
the base member 1 are placed within a chamber 14. A suction
apparatus 13 for sucking gas inside the chamber 14 1s con-
nected to the chamber 14. In this exemplary embodiment, a
near-infrared semiconductor laser (with a wavelength of 830
nm) 1s used as the laser source 11.

In the following description, 1t 1s assumed that a predeter-
mined direction in a horizontal plane 1s an X axis direction, a
direction perpendicular to the X axis direction in the horizon-
tal plane 1s a Y axis direction, and a direction (a vertical
direction) perpendicular to the X axis direction and the'Y axis
direction 1s a Z axis direction.

The stage 12 1s provided to be movable i the X axis
direction and the Y axis direction while supporting the base
member 1, and the base member 1 1s movable with respect to
the light beam radiated from the light source 11 through
movement of the stage 12. Further, the stage 12 1s movable in
the Z axis direction. Here, an optical system not shown 1s
disposed between the light source 11 and the base member 1
supported by the stage 12.

The stage 12 supporting the base member 1 can adjust the
position of the base member 1 with respect to the focus of the
optical system through movement thereof 1n the Z axis direc-
tion. In addition, the light beam radiated from the light source
11 wrradiates the base member 1 (sublimation layer 2) sup-
ported by the stage 12.

For example, a glass substrate or a transparent polymer can
be used as the base member 1. Examples of the transparent
polymer may include polyester, such as polyethylene tereph-
thalate, polyacryl, polyepoxy, polyethylene, polystyrene,
polycarbonate, polysulfide, etc. When the base member 1 1s
tformed out of the transparent polymer, the thickness thereof 1s
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6

preferably 10 to 500 um. As a result, for example, the base
member 1 can be formed 1n a belt shape and wound 1n a roll
shape, so that the base member can be carried (moved) while
the base member 1s held on a rotary drum, eftc.

On the other hand, although the base member 1 1s sup-
ported by the stage 12 which 1s linearly moved in the X andY
axis directions 1n this exemplary embodiment, the rotary
drum can be movable 1n a horizontal direction (scanning
direction, X axis direction), a rotational direction (Y axis
direction), and a vertical direction (Z axis direction) while the
base member 1 is held on the rotary drum.

Further, the sublimation layer 2 contains a sublimation
pigment which 1s dispersed 1n a binder resin. The binder may
be omitted. As the sublimation material, a well-known subli-
mation material (sublimation pigment) can be used, and for
example, disperse dyes, basic dyes, and oil-soluble dyes dis-
closed 1n Japanese Unexamined Patent Application Publica-
tion No. 6-99667 or materials disclosed 1n Japanese Unex-
amined Patent Application Publication No. 2001-514106 can
be used. Examples of a yellow (Y) sublimation material can
include azopyrnidine, dicyanosteel, and quinophthalone,
examples of a magenta (M) sublimation material can include
anthraquinone, tricyanosteel, and azobenzene, and examples
of acyan (C) sublimation material can include anthraquinone,
indophenol, and indonaphthol. Furthermore, the sublimation
layer 2 may be formed 1n one layer or may be formed 1n two
or more layers.

When the binder resin 1s used 1n the sublimation layer 2,
known binder resins can be used, such as: polyamide resin,
polyester resin, polyepoxy resin, polyurethane resin, poly-
acryl resin (for example, polymethylmethacrylate, polyacry-
lamide, polystyrene-2-acrylonitrile), vinyl resin such as poly-
vinylpyrrolidone, polyvinyl chlonde resin (for example,
vinyl chloride-vinyl acetate copolymer), polycarbonate resin,
polystyrene, polyphenylene oxide, cellulose resin (for
example, methyl cellulose, ethyl cellulose, carboxymethyl
cellulose, cellulose acetate hydrogen phthalate, cellulose
acetate, cellulose acetate propionate, cellulose acetate
butyrate, cellulose triacetate), polyvinyl alcohol resin (for
example, partial-ketone forming poly vinyl alcohol such as
poly vinyl alcohol, poly vinyl butyral, etc.), petroleum resin,
rosin dermvative, coumarone-indene resin, terpene resin, poly-
olefin resin (for example, polyethylene, polypropylene, etc.),
and the like.

As an organic solvent for dissolving or dispersing the pig-
ment or the binder resin, a solvent containing monohydric
alcohol 1s used. For example, n-butyl alcohol (b.p.117.4° C.),
1sobutyl alcohol (b.p. 108.1° C.), sec-butyl alcohol (b.p. 100°
C.), n-amyl alcohol (b.p. 138° C.), isoamyl alcohol (b.p. 132°
C.), hexyl alcohol (b.p. 155.7° C.) or the like can be contained
in the organic solvent. Another organic solvent other than the
alcohols may be mixed and used. As the other organic solvent
to be mixed, a well-known solvent may be used, and specifi-
cally, ketones such as methyl ethyl ketone, methyl 1sobutyl
ketone, cyclohexanone, etc., aromatics such as toluene,
xylene, etc., halogens such as dichloromethane, trichloroet-
hane, etc., esters such as ethyl acetate, propyl butyrate, etc.,
dioxane, tetrahydrofuran, and mixtures thereol may be
included in examples of the other organic solvent to be mixed.

The sublimation layer 2 can be formed on the base member
1 by using a conventional film coating method such as an
extrusion coating method, a spin coating method, a gravure
coating method, a reverse roll coating method, a rod coating
method, a micro gravure coating method, etc. In the method
of coating the sublimation layer 2, it 1s preferable that the
sublimation layer-forming functional solution be uniformly
formed on the base member 1 by eliminating static electricity
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charged on the surface of the base member 1 and 1t 1s also
preferable that a static eliminator be provided 1n the apparatus
used for each method.

Next, the sequence of forming banks will be described with
reference to FIG. 2. As shown i FIG. 2(a), a laser beam
having a predetermined beam diameter 1s radiated from the
top side of the sublimation layer 2 on the base member 1. The
base member 1 and the sublimation layer 2 on the base mem-
ber 1 corresponding to the irradiated position are heated
through the radiation of the laser beam. The sublimation
material of the sublimation layer 2 1s sublimated with the heat
generated due to the radiated laser beam, and as shown 1n
FIG. 2(b), the sublimation material (sublimation layer 2)
corresponding to the irradiated position 1s removed from the
base member 1. As aresult, the banks B and B are formed and
the base member 1 1n the groove 3 between the banks B and
B 1s exposed.

At this time, by moving the stage 12 along the X-Y plane
with respect to the laser beam to be radiated, the grooves 3 are
drawn correspondingly to the movement trace of the stage 12.
As aresult, a bank pattern for partitioning oif a predetermined
area of the base member 1 1s formed on the base member 1.

The sublimation material sublimated by the radiation of
light or the material separated from the base member 1 along
with the sublimation material become suspended inside the
chamber 14, but the material separated from the base member
1 can be recovered by driving the suction apparatus 13 and
sucking the gas inside the chamber 14 with the suction appa-
ratus. Therefore, 1t 1s possible to prevent a disadvantage that
the material separated from the base member 1 1s attached
again to the base member 1 or the grooves 3 or the banks B.

As described above, by radiating the light onto the base
member 1 having the sublimation layer 2, the sublimation
material can be sublimated with the heat resulting from the
radiated light and removed from the base member 1. There-
fore, by radiating the light onto areas corresponding to the
bank pattern to be formed, the sublimation material 1n the
light-radiation area can be removed and the banks B having a
desired pattern can be formed on the base member 1. Further,
since the banks B are formed by removing the sublimation
material of portions corresponding to the light-radiation area,
that 1s, since the banks B can be formed without performing a
conventional transfer process, 1t 1s possible to prevent dete-
rioration of the bank shape due to transfer irregularity.

In this exemplary embodiment, the banks B (grooves 3) are
drawn on the base member 1 by moving the stage 12 support-
ing the base member 1. However, the light beam to be radiated
may be moved with the base member 1 stopped, and the base
member 1 and the light beam may be both moved. Further,
when the base member 1 1s moved, 1n place of moving the
base member 1n the X-Y plane with the stage 12, the base
member may be moved 1n a state while the base member 1s
held by the rotary drum as described above.

Further, in the exemplary embodiment, the material layer
(sublimation layer) for forming the banks contains the subli-
mation material and the sublimation material 1s removed with
the thermal energy resulting from the light radiation. How-
ever, the material layer for forming the banks may not be the
sublimation material, and any material can be used as long as
it 1s a material which can be removed with the radiation of a
laser beam.

Furthermore, in this exemplary embodiment, the sublima-
tion material 1s removed with the thermal energy generated
due to the radiated light, thereby forming the banks. However,
the thermal energy may be supplied to the base member using,
for example, a thermal head and the sublimation material can
be removed with the thermal energy.
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When forming the bank patterns, as shown i FIG. 3, a light
beam may be radiated to a mask 15 having patterns corre-
sponding to the bank patterns to be formed, thereby radiating
the light passing through the mask 15 to the base member 1
(sublimation layer 2). In the example shown 1n FIG. 3, the
mask 15 1s supported by a mask support 16 having an opening
16A for transmitting the light passing through the mask 15.
The light beam emitted from the light source 11 1s converted
into 1llumination light having an i1llumination distribution
through the optical system 17, and then i1lluminates the mask
15. The light passing through the mask 15 1s radiated to the
base member 1 (sublimation layer 2) supported by the stage
12, the sublimation material 1s sublimated due to the heat
generated due to the radiated light, and the bank patterns are
thus formed. By utilizing the mask 15, the bank patterns
smaller than the diameter of the light beam emitted from the
laser source 11 can be formed. On the other hand, as described
with reference to FIG. 1, by drawing the banks B (grooves 3)
while relatively moving the light beam and the base member
1, 1t 15 possible to reduce the amount of labor for manufac-
turing the mask 13.

In the example shown 1n FIG. 3, the light 1s radiated to the
base member 1 (sublimation layer 2) 1n a state where the mask
15 and the base member 1 (sublimation layer 2) are separated
from each other. However, the light may be radiated to the
mask 15 1n a state where the mask 135 and the base member 1
(sublimation layer 2) come in close contact with each other,
and the light passing through the mask 15 may be radiated to
the base member 1 (sublimation layer 2).

As shown 1n FIG. 4, the light beam may be radiated to the
base member 1 from the back surface side of the base member
1 on which the sublimation layer 2 1s not formed. In this case,
the base member 1 1s made of a transparent material capable
of transmitting a light beam. Accordingly, since the sublima-
tion material of the sublimation layer 2 can be also heated by
radiated light, the sublimation material (sublimation layer 2)
positioned at the light-radiated position can be removed,
thereby forming the banks B. In a case where the light 1s
radiated to the sublimation layer 2 through the base member
1 from the back surface side of the base member 1, the light
may be scattered (diffracted) while passing through the base
member 1. Therefore, 1t 1s preferable that the scattering con-
dition be measured 1n advance and the light be radiated from
the back surface side of the base member 1 while adjusting the
radiation condition on the basis of the measurement result to
allow the light to be radiated to the desired positions of the
sublimation layer 2. Furthermore, the light may be radiated
from both the surface side and the back surface side of the
base member 1.

As shown 1n FIG. 5(a), a photothermal conversion layer 4
containing a photothermal conversion material for converting
the optical energy into the thermal energy may be provided
between the base member 1 and the sublimation layer 2. As a
result, the optical energy of the radiated laser beam can be
eificiently converted into the thermal energy, and as shown 1n
FIG. 5(b), the sublimation material of the sublimation layer 2
adjacent to the photothermal conversion layer 4 can be sub-
limated well. Furthermore, the photothermal conversion
layer 4 may be provided at the back surface side of the base
member 1 on which the sublimation layer 2 1s not formed.

Known materials can be used as the photothermal conver-
s1ion material constituting the photothermal conversion layer
4, and 1t 1s not specifically limited 1f only the material can
eificiently convert the laser beam 1nto the heat. Examples of
the photothermal conversion layer can include a metal layer
made of aluminum, oxide thereotf and/or sulfide thereof, an
organic layer made of polymer to which carbon black, graph-
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ite, or inirared absorbing pigment 1s added, and the like.
Examples of the infrared absorbing pigment can include
anthraquinone, dithiol nickel complex, cyanine, azocobalt
complex, di-immonium, squalelium, diphthalocyanine,
naphthalocyanine, etc. By using synthetic resin, such as
epoxy resin as a binder and dissolving or dispersing the pho-
tothermal conversion material 1n the binder resin, the photo-
thermal conversion matenal 1s provided on the base member
1. Of course, the photothermal conversion material may be
provided on the base member 1 without dissolving or dispers-
ing the photothermal conversion material 1n the binder.

When the metal layer 1s used as the photothermal conver-
sion layer 4, the metal layer can be formed on the base
member 1 by using a vacuum deposition method, an electro
beam deposition method, or a sputtering method. When the
organic layer 1s used as the photothermal conversion layer 4,
the organic layer can be formed on the base member 1 by
using conventional film coating methods, such as an extrusion
coating method, a spin coating method, a gravure coating
method, a reverse roll coating method, a rod coating method,
a micro gravure coating method, a knife coating method, etc.

Here, as shown 1n FI1G. 5(a), when the photothermal con-
version layer 4 1s provided between the base member 1 and
the sublimation layer 2, 1t 1s preferable that the light be radi-
ated from the back surface side of the base member 1. As a
result, since the radiated light can be applied directly to the
photothermal conversion layer 4, the optical energy of the
radiated light can be smoothly converted into the thermal
energy, thereby sublimating the sublimation material of the
sublimation layer 2 with the thermal energy.

On the other hand, also by radiating the light from the
surface side of the base member 1, the optical energy of the
radiated light can be converted into the thermal energy in the
photothermal conversion layer 4, thereby sublimating the
sublimation material of the sublimation layer 2 with the ther-
mal energy. Furthermore, by providing the photothermal con-
version layer 4 between the base member 1 and the sublima-
tion layer 2 and allowing the sublimation layer 2 to be opened
(exposed) externally, the sublimation material can be
smoothly discharged (sublimated) externally.

When the photothermal conversion layer 4 1s provided, 1t 1s
preferable that the light having the wavelength corresponding
to the photothermal conversion material be radiated. That 1s,
since wavelength bands of light to be well absorbed are dif-
ferent for each used photothermal conversion material, the
optical energy can be efficiently converted into the thermal
energy by radiating the light having a wavelength band cor-
responding to the photothermal conversion material. That 1s,
the photothermal conversion material to be used 1s selected
correspondingly to the radiated light beam. In this exemplary
embodiment, since a near-infrared semiconductor laser
(wavelength: 830 nm) 1s used as the laser source, 1t 1s prefer-
able that a material having a property of absorbing the light of
inirared ray through visible ray regions be used as the photo-
thermal conversion material.

In the exemplary embodiment described with reference to
FIG. 5, the photothermal conversion material 1s provided in a
layer (photothermal conversion layer 4) independent from the
base member 1 and the sublimation layer 2. However, the
photothermal conversion material may be mixed into the base
member 1 and the photothermal conversion material may be
mixed into the sublimation layer 2. Also 1n this construction,
the optical energy of the radiated laser beam can be converted
into the thermal energy, and the thermal energy can be sup-
plied to the sublimation material. In a case where the photo-
thermal conversion material 1s mixed into the sublimation
layer 2, since the photothermal conversion material 1s sepa-
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rated (removed) from the base member 1 together with the
sublimation material through the light radiation, 1t 1s possible
to suppress influence of the photothermal conversion material
on the subsequent processes and also to improve the degree of
freedom 1n designing a device. Specifically, in a case where
the base member 1 1s applied to a display device, such as an
organic EL display device, there may occur a disadvantage
that the remaining photothermal conversion layer 4 affects
the displayed colors, but this disadvantage can be avoided by
mixing the photothermal conversion material into the subli-
mation layer 2 and removing the photothermal conversion
material together with the sublimation material.

On the other hand, as 1n the exemplary embodiment shown
in FIG. 5, 1n a case where the photothermal conversion layer
4 containing the photothermal conversion material and the
sublimation layer 2 are provided separately, the photothermal
conversion layer 4 may remain on the base member 1 after the
light has been radiated. However, for example, by arranging a
functional solution containing a material, which exhibits con-
ductivity by a heat treatment or an optical treatment, 1n the
grooves 3 between the banks B and B in which the photother-
mal conversion layer 4 remains and radiating the light onto
the photothermal conversion layer 4 from the back surface
side of the base member 1, the material can be allowed to
exhibit the conductivity with the heat generated from the
photothermal conversion layer 4. Here, examples ol the mate-
rial exhibiting the conductivity by the heat treatment or the
optical treatment can include organic silver compound, efc.

In the case where the photothermal conversion material 1s
mixed into the sublimation layer 2, 1t 1s preferable that the
light be radiated from the surface side of the base member 1
on which the sublimation layer 2 1s provided, because the
optical energy can be supplied directly to the photothermal
conversion material. Furthermore, since the disadvantage of
the scattering (diffraction) of light resulting from passing
through the base member 1 does not occur, the radiation of
light from the surface side 1s more preferable compared with
the radiation of light from the back surface side.

An adjusting material for adjusting the affinity for liquid
may be mixed into the sublimation layer 2. For example, by
mixing the adjusting material for adjusting the affinity for
liquid into the functional solution for forming the sublimation
layer 1n advance and then applying the functional solution
onto the base member 1, the sublimation layer 2 into which
the adjusting material 1s mixed can be formed on the base
member 1.

Examples of the adjusting material can be materials having
a lyophobic property, such as fluorine-contaiming compound
or silicon compound. As a result, the lyophobic property can
be given to the banks B formed of the sublimation layer 2. By
giving the lyophobic property to the banks B, for example,
when the functional solution 1s arranged 1n the vicimity of the
top surfaces of the banks B 1n a case where the functional
solution 1s arranged 1n the grooves 3 between the banks B and
B using the liqmd droplet ejecting method, the functional
solution can be allowed to flow down and be arranged 1n the
grooves 3 between the banks B and B due to the lyophobic
property, so that the functional solution can be arranged 1n a
desired condition.

Examples of the {fluorine-containing compound can
include monomer, oligomer and polymer containing fluorine
atoms 1nside molecules, fluorine-containing surface active
agent, and so on. It 1s preferable that the fluorine-containing
compound be phase-dissolved or dispersed in the binder resin
contained in the sublimation layer 2. Examples of the silicon
compound can include resin, rubber, surface active agent,
coupling agent, and so on containing organic poly siloxane as
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a major component. Both the fluorine-containing compound
and the silicon compound may be mixed into the sublimation
layer 2 and any one thereof may be mixed into the sublimation
layer 2.

As shownin FIG. 6(a), a plurality of sublimation layers 2A,
and 2B having different affinities for liquid (functional solu-
tion) may be stacked. As a result, 1t 1s possible to control the
position or the damping and diffusing condition of the func-
tional solution to be arranged 1n a desirable state. Specifically,
by stacking the sublimation layer 2A and the sublimation
layer 2B having a more lyophobic property than that of the
sublimation layer 2A on the base member 1 in this order, for
example, when the banks are formed and then the functional
solution 1s arranged in the grooves between the banks B and
B, as shown in FIG. 6(b), the functional solution can be
diffused well 1n the vicinity of the bottoms 5 of the grooves 3
between the banks B and B, and even when the functional
solution 1s arranged 1n the vicinity of the top surfaces 6 of the
banks B and B, the functional solution 1n the vicinity of the
top surfaces can be caused to flow down and be arranged in
the bottoms 3 of the grooves 3 between the banks B and B due
to the Iyvophobic area of the tops.

In order to make the lyophobic properties of the sublima-
tion layers 2A and 2B different, for example, a quantity of the
adjusting material (fluorine-containing compound or silicon
compound) mixed into the respective sublimation layers 2A
and 2B may be made different, or the adjusting material
having a lyophilic property may be mixed into the sublima-
tion layer 2A.

In the example shown 1n FIG. 6, the sublimation layer 2A
1s provided directly on the base member 1, but the photother-
mal conversion layer 4 may be provided between the subli-
mation layer 2A and the base member 1. Further, in the
example shown 1 FIG. 6, two sublimation layers 2A and 2B
are stacked, but three or more sublimation layers may be
stacked.

Furthermore, between the base member 1 and the sublima-
tion layer 2, a gas generating layer containing a gas generat-
ing material, generating gas through the radiation of light or
the application of heat, may be provided. When the gas gen-
crating material absorbs the light or absorbs the thermal
energy converted from the optical energy, the gas generating
material causes a decomposing reaction and emits nitrogen
gas or hydrogen gas, and supplies energy for removing the
sublimation layer 2 with the generated gas. Examples of the
gas generating material may include one or more materials

selected from a group consisting of pentaerythritol tetrani-
trate (PETN) and trinitrotoluene (TNT).

In the case where the photothermal conversion layer 4 1s
provided, an intermediate layer for making uniform the pho-
tothermal conversion operation of the photothermal conver-
s1on layer 4 may be provided between the photothermal con-
version layer 4 and the sublimation layer 2. Examples of the
intermediate layer forming material may include a resin
matenal satistying the above requirement. The intermediate
layer can be formed by applying a resin composite having a
predetermined composition to the surface of the photother-
mal conversion layer 4 by using a known coating method,
such as a spin coating method, a gravure coating method, a die
coating method, etc. and drying the resin composite. When
the laser beam 1s radiated, the optical energy 1s converted 1nto
the thermal energy with operation of the photothermal con-
version layer 4, and the thermal energy 1s made uniform with
operation of the intermediate layer. Therefore, the umiform
thermal energy 1s given to the sublimation layer 2 correspond-
ing to the light radiated area.
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By using a sheet made of polyethylene terephthalate (PET)
as the base member 1, the photothermal conversion layer 4 1s
provided on the PET sheet and the sublimation layer 2 1s
provided on the photothermal conversion layer 4. Then, the
sheets are held 1n a rotary drum, and a laser beam having a
wavelength of 830 nm 1s radiated to the sheet from a near-
inirared semiconductor laser having an output powerof 11 W
while rotating the rotary drum at 130 rpm. Accordingly, the
sublimation pigment of the sublimation layer 2 1s lost. Then,
by measuring a contact angle to tetradecane, 1t 1s checked
whether the sublimation maternial of the area corresponding to
the light-radiated area 1s removed or not. The contact angle of
the sublimation layer 2 to tetradecane before the light radia-
tion 1s 49 degrees, but the contact angle of the sublimation
pigment lost area after the light radiation 1s 7 degrees,
whereby 1t can be confirmed that a part of the sublimation
layer 2 through the laser beam radiation 1s lost.

Now, a method of forming a wiring pattern on the base
member 1 using the banks B and B formed through the afore-
mentioned method will be described. FIG. 7 1s a schematic
diagram 1llustrating the method of forming a wiring pattern
on the base member 1 using the formed banks B. In this
exemplary embodiment, 1n order to arrange the wiring pattern
forming material on the base member 1, the liquid droplet
ejecting method (1nkjet method) of ejecting liquid droplets of
a Tunctional solution containing the wiring pattern forming
material 1s used. The banks B are provided on the base mem-
ber 1 to partition a predetermined wiring pattern forming
area. In the liquid droplet ejecting method, the liquid droplets
of the functional solution containing the wiring pattern form-
ing material can be ¢jected to the grooves 3 between the banks
B and B from the ¢jecting head 20, 1n a state where the
¢jecting head 20 and the base member 1 are opposed each
other.

Here, examples of the ejection techniques used for the
liquid droplet ejecting method may 1include an electrification
control method, a pressurized vibration method, an electro-
thermal conversion method, an electrostatic attraction
method, an electromechanical conversion method, and so on.
In the electrification control method, electric charges are
given to the material with the electrification electrode, a flying
direction of the material 1s controlled with a detlecting elec-
trode, thereby ejecting the maternial from the ejecting nozzles.
Further, in the pressurized vibration method, an ultra high
pressure of about 30 kg/cm~ is applied to the material, thereby
¢jecting the material to the front end side of the nozzles. Here,
when the control voltage 1s not applied, the material goes
straight ahead and 1s ejected from the ejecting nozzles, and
when the control voltage 1s applied, electrostatic repulsion
occurs, the material flies 1n all directions, and the material 1s
not ¢jected from the ejecting nozzles. In the electrothermal
conversion method, the matenal 1s rapidly vaporized to gen-
erate bubbles with a heater provided 1n a space 1n which the
material 1s stored, and thus the material 1n the space 1s ejected
by the pressure of bubbles. In the electrostatic attraction
method, electrostatic attraction 1s applied to take out the
material 1n a state where meniscuses of the material 1s formed
in the ejecting nozzles by applying a small pressure to a space
in which the material 1s stored. The electromechanical con-
version method uses a feature of a piezoelectric element
which 1s deformed with electrical pulse signals, where a
pressure 1s applied to the space storing the material through a
flexible material by means of deformation of the piezoelectric
clement and the material 1s extruded from the space, thereby
¢jecting the material from the ejecting nozzles. In addition, a
technique of utilizing variation in viscosity of fluid due to an
clectric field, or a technique of allowing the material to fly
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with discharged sparks may be employed. The liquid droplet
¢jecting method has advantages that the waste of material 1s
small and a desired amount of maternial can be accurately
arranged at a desired position. An amount of a droplet of a
liquid material to be ¢jected in the liquid droplet ejecting
method may be, for example, 1 to 300 ng. In this exemplary
embodiment, the electromechanical conversion method (pi-
ezoelectric method) 1s employed.

FIG. 8 1s a diagram 1llustrating a principle of ejecting a
functional solution (liquid material) using the piezoelectric
method.

In FI1G. 8, the ¢jecting head 20 can include a liquid chamber
21 for recerving a functional solution (liquid material con-
taining the wiring pattern forming material) and a piezoelec-
tric element 22 provided adjacent to the liquid chamber 21.
The liquid chamber 21 1s supplied with the functional solu-
tion through a supply system 23 including a material tank for
storing the functional solution. The piezoelectric element 22
1s connected to a driving circuit 24. By applying a voltage to
the piezoelectric element 22 through the driving circuit 24
and deforming the piezoelectric element 22, the liquid cham-
ber 21 1s deformed, thereby ejecting the functional solution
from the ejecting nozzles 25. In this case, by changing the
value of the applied voltage, the deformation amount of the
piezoelectric element 22 1s controlled. Further, by changing a
frequency of the applied voltage, the deformation speed of the
piezoelectric element 22 1s controlled. In the ejection of liquid
droplets using the piezoelectric method, there 1s an advantage
that the composition of material 1s not affected well, because
heat 1s not applied to the material.

Now, a process ol forming a wiring pattern will be
described. After forming the banks B and B using the afore-
mentioned method, first, 1t 1s preferable that a residual treat-
ment of removing residuals 1n the bottoms 3 (exposed portion
of the base member 1) of the grooves 3 between banks B and
B be performed. In the residual treatment, light, such as
ultraviolet (UV) ray, etc. 1s radiated to the bottoms 5 of the
grooves 3, and the residuals, specifically, organic residuals,
remaining in the bottoms 5 can be removed by the light
excitation. Furthermore, when the photothermal conversion
layer 4 1s made of an organic material, the photothermal
conversion layer 4 of the bottoms 3 can be removed by radi-
ating the light, such as ultraviolet ray, etc. to the bottoms 3
(photothermal conversion layer 4). Furthermore, in the
residual treatment, the residuals can be removed through an
O, plasma process, for example, using a process gas contain-
ing oxygen (O,) as a predetermined process gas. The ultra-
violet radiation process or the O, plasma process serves as a
lyophilic process of giving a lyophilic property to the bottoms
5 (the exposed portion of the base member 1). Accordingly,
by giving a lyophilic property to the bottoms 5 (the exposed
portion of the base member 1), the functional solution can be
diffused well in the bottoms 5 when the droplets of the func-
tional solution are arranged 1n the grooves 3 as described later.

Subsequently, by performing the lyvophobic process to the
banks B, a lyophobic property 1s given to the surfaces of the
banks. In the lyophobic process, for example, a plasma pro-
cessing method (CF, plasma processing method) using tet-
rafluoro methane as a process gas in the atmosphere may be
employed. It should be understood that the process gas 1s not
limited to the tetratluoro methane (CF,), but may employ
another fluorocarbon gas. A process gas other than fluorine
gas may be employed as long as it can give a lyophobic
property to the functional solution. Further, in the lyophobic
process, various known methods, such as a method (a seli-
organizing {ilm method, a chemical vapor deposition method)
of processing a target with FAS (fluoroalkylsilane), a conju-
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gated plating method, a method of giving a lyophobic prop-
erty with golden thiol, etc. may be employed. Even when a
part of the liguid droplets ejected from the ejecting head 20
are placed on the tops 6 of the banks B, the surfaces of the
banks are lyophobic by giving a lyophobic property to the
banks B, so that the liquid droplets escape from the banks B
and tlow down to the grooves 3 between the banks B and B.
Therefore, the ejected functional solution 1s disposed
between the banks B and B on the base member 1.

In addition, the lyophobic process to the banks B and B
may atlect the bottoms 5 (exposed portions of the base mem-
ber 1) between the banks having been subjected to the lyo-
philic process 1in advance. However, 1n the case where the
base member 1 1s made of glass, etc., fluorine group 1s not
introduced due to the lyophobic process, so that the base
member 1 does not substantially lose a lyophilic property.
Further, as described above, by mixing the adjusting material
having a lyophobic property into the banks B (sublimation
layer 2) 1n advance, the lyophobic process may be omitted.

Next, a material arrangement process of arranging the lig-
uid droplets of the functional solution containing the wiring
pattern forming material between the banks B and B on the
base member 1 1s performed using the ejecting head 20. Here,
an organic silver compound 1s used as a conductive material
constituting the wiring pattern forming material, and the
functional solution containing the organic silver compound 1s
ejected using diethylene glycol diethyl ether as a solvent
(dispersion medium). In the material arrangement process, as
shown 1n FI1G. 7, the liquid droplets of the functional solution
containing the wiring pattern forming material are ejected
from the ¢jecting head 20. The ejected liquid droplets are
arranged 1n the grooves 3 between the banks B and B on the
substrate P. At that time, since the wiring pattern forming
areas to which the liquid droplets are ejected are partitioned
by the banks B, 1t 1s possible to prevent the liquid droplets
from being diffused outside the predetermined positions.
Since a lyophobic property 1s given to the banks B and B, a
part of the ejected liquid droplets placed on the banks B tlows
down to the grooves 3 between the banks. Furthermore, since
a lyophilic property 1s given to the bottoms 5 of the grooves 3
through which the base member 1 1s exposed, the ejected
liquid droplets are more easily diffused to the bottoms 5,
whereby the functional solution 1s arranged uniformly 1n the
predetermined positions.

Furthermore, as the functional solution, a dispersion liquid
in which conductive fine particles are dispersed 1n a disper-
sion medium may be used. As the conductive fine particles,
for example, metal fine particles including at least one of
gold, silver, copper, aluminum, palladium, and nickel, oxide
thereol, and fine particles of conductive polymer or supercon-
ductor may be used. The dispersion medium 1s not specifi-
cally limited as long as 1t can disperse the conductive fine
particles and does not cause aggregation. Examples of the
dispersion medium may include water, alcohol, such as
methanol, ethanol, propanol, butanol, etc., hydrocarbon com-
pound such as n-heptane, n-octane, decane, dodecane, tet-
radecane, toluene, xylene, cymene, durene, indene, dipen-
tene, tetrahydro naphthalene, decahydro naphthalene,
cyclohexyl benzene, etc., ether compound such as ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, ethylene
glycol methyl ethyl ether, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, diethylene glycol methyl
cthyl ether, 1,2-dimethoxy ethane, bis (2-methoxy ethyl)
cther, p-dioxane, etc., polar compound such as propylene
carbonate, v-butyrolactone, N-methyl-2-pyrrolidone, dim-
cthyl formamide, dimethyl sulfoxide, cyclohexanone, etc.,
and so on. Among the above compounds, from the view point
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of a dispersing property of fine particles, a stability of a
dispersion liquid, and an easy application to the liquid droplet
ejecting method, water, alcohol, hydrocarbon compound, and
cther compound are preferable as the dispersion medium, and
water and hydrocarbon compound are more preferable as the
dispersion medium.

A firing process 1s performed after the material arrange-
ment process (liquid droplet ejecting process). The conduc-
tivity 1s obtained by performing the firing process to the
function solution containing the conductive material. Specifi-
cally, the organic silver compound exhibits conductivity by
performing the firing process to remove the organic compo-
nent and allow silver particles to remain. For this reason, at
least one of the thermal treatment or the optical treatment as
the firing process 1s performed to the base member 1 having
been subjected to the material arrangement process. The ther-
mal treatment or the optical treatment 1s generally performed
in the atmosphere, but may be performed in an 1nert gas
atmosphere of nitrogen, argon, helium, etc. as needed. The
process temperature of the thermal treatment or the optical
treatment 1s properly determined considering a boiling point
(vapor pressure) of the solvent, a kind or pressure of the
atmospheric gas, a dispersion property of the fine particles,
thermal behaviors such as oxidation of the organic silver
compound, existence or quantity of the coated material, an
allowable temperature limit of the base member, and so on.
For example, 1n order to remove the organic components of
the organic silver compound, 1t 1s necessary to perform the
firing process at a temperature of about 200° C. Further, when
a substrate made of plastic, etc. 1s used, 1t 1s preferable that the
firing process be performed at a temperature higher than the
room temperature and lower than 100° C. The conductive
material (organic silver compound) having been subjected to
the ejection process 1s converted into conductive wiring pat-
terns due to the remaining silver particles.

An intermediate dry process (or firing process) 1s per-
formed after the material arrangement process, and by alter-
nately repeating the material arrangement process and the
intermediate dry process (firing process) several times, the
wiring pattern forming material can be stacked between the
banks B and B.

After the firing process, the banks B existing on the base
member 1 may be removed (subjected to an ashing process).
For example, by radiating a laser beam onto the banks B
(sublimation layer 2) or cleaming the banks with a predeter-
mined solvent, the banks B can be removed from the base
member 1. As the ashing process, a plasma ashing or ozone
ashing may be employed.

Next, as an example of an electro-optical device having the
wiring patterns formed using the wiring pattern forming
method according to the invention, a plasma display device
will be described with reference to FIG. 9. FIG. 9 15 an

exploded perspective view illustrating the plasma display
device 500 of which address electrodes 511 and bus elec-
trodes 512q are manufactured. The plasma display device 500
can 1nclude a glass substrate 501 and a glass substrate 502
opposed to each other and a discharge display unit 510
formed between the glass substrates.

The discharge display unit 510 includes a plurality of dis-
charge chambers 516, and a group consisting of three dis-
charge chambers 516 of a red discharge chamber 516(R), a
green discharge chamber 516((G), and a blue discharge cham-
ber 516(B) of the plurality of discharge chambers 516 forms
one pixel. The address electrodes 511 are formed 1n a stripe
pattern at a predetermined interval on the top surface of the
(glass) substrate 501, a dielectric layer 519 1s formed to cover
the address electrodes 511 and the top surface of the substrate
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501, and partitioning walls 515 are formed along the address
clectrodes 511 to be arranged between the address electrodes
511 and 511 on the dielectric layer 519. The partitioning walls
515 are divided at a predetermined interval in a direction
perpendicular to the address electrodes 511 at predetermined
positions of the longitudinal direction (not shown), and rect-
angular areas are formed basically by the partitioning walls
adjacent to both widthwise sides of the address electrodes 511

and the partitioning walls extending 1n the direction perpen-
dicular to the address electrodes 511, so that the discharge
chambers 516 are formed to correspond to the rectangular
arcas and a group of three rectangular areas constitutes a
pixel. Fluorescent materials 517 are arranged 1nside the rect-
angular areas defined by the partitions 513. The fluorescent
materials 517 emit one fluorescent light component of red,
green, and blue. The red fluorescent material 517(R) 1s dis-
posed on the bottom of the red discharge chamber 516(R), the
green fluorescent material 517(G) 1s disposed on the bottom
of the green discharge chamber 516((G), and the blue fluores-
cent material 517(B) 1s disposed on the bottom of the blue
discharge chamber 516(B).

Next, a plurality of transparent display electrodes 512
made of ITO are formed 1n a stripe pattern at a predetermined
interval 1n the direction perpendicular to the address elec-
trodes 511 on the glass substrate 502 side, and bus electrodes
512a made of metal to assist the high-resistance I'TO are also
formed together. A dielectric layer 513 1s formed to cover the
transparent display electrodes and the bus electrodes, and a
protective {ilm 514 made of MgO, etc. 1s formed thereon. Two
substrates of the substrate 501 and the substrate 502 are
bonded to allow the address electrodes 511, . . . and the
display electrodes 512, . . . to be perpendicular each other, and
the discharge chambers 516 are formed by exhausting spaces
surrounded with the substrate 501, the partitioning walls 515,
and the protective film 514 formed on the glass substrate 502
side and injecting rare gas thereto. The display electrodes 512
formed on the glass substrate 502 are arranged two every
discharge chamber 516. The address electrodes 511 and the
display electrodes 512 are connected to an alternating power
source not shown, and the fluorescent materials 517 posi-
tioned at required positions in the discharging display unit
510 are excited to emit the fluorescent light by supplying
power to the respective electrodes, so that a color display can
be performed.

In this example, the address electrodes 511 and the bus
clectrodes 512qa are formed using the wiring pattern forming
method according to the mvention. The address electrodes
511 and the bus electrodes 512a are formed by ejecting a
functional solution 1n which metal colloid materials (for
example, gold colloid or silver colloid) or conductive fine
particles (for example, metal fine particles) are dispersed and
drying and burming the functional solution, because 1t 1s
advantageous for patterning. The fluorescent materials 517
can be formed by ¢jecting with the ejection head 20 a func-
tional solution obtained by dissolving the fluorescent material
in a solvent or dispersing the fluorescent material 1n a disper-
sion medium and drying and burning the functional solution.

Next, a process of manufacturing a color filter of a liquid
crystal display device using the banks according to the inven-
tion will be described with reference to FIG. 10. First, as
shown in FIG. 10(a), black matrices (banks) 32 are formed on
one surface of a transparent substrate (base member) P. The
black matrices 52 partition color filter forming areas and are
formed using the bank forming method according to the
invention. By using black material as the sublimation material
and mixing photo-curable resin 1n the sublimation material
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when forming the black matrices (banks), the black matrices
can be cured through a light radiation process.

Next, as shown 1 FIG. 10(b), the liquid droplets 34 of a
functional solution for forming the color filters from the eject-
ing head 20 are ejected and the liquid droplets are deposited in
filter elements 53. The quantity of the functional solution 54
to be ejected 1s set to be sullicient 1n consideration of decrease
in volume of the functional solution during the heating pro-
cess (drying and {iring process).

After the liquid droplets 54 are filled 1n all the filter ele-

ments 53 on the substrate P in this way, the substrate P 1s
heated to a predetermined temperature (for example, about
70° C.) using a heater. Through this heating process, the
solvent of the functional solution 1s vaporized and the volume
ol the functional solution 1s decreased. When the volume
decrease 1s severe, the liquid droplet ejecting process and the
heating process are repeated until a film thickness suificient
tfor a color filter 1s obtained. Through this process, the solvent
included in the functional solution 1s vaporized and only solid
components (functional material) included 1n the functional

solution finally remains and forms a film, so that the color
filters 55 shown 1n FIG. 10(c) are obtained.

Next, 1n order to planarize the substrate P and protect the

color filters 55, as shown 1n FIG. 10(d), a protective film 56 1s
tormed to cover the color filters 55 or the black matrices 52 on
the substrate P. The protective film 56 can be formed using a
spin coating method, a roll coating method, a ripping method,
etc., and may be formed using the ejecting apparatus, simi-
larly to formation of the color filters 55. Next, as shown 1n
FIG. 10(e), a transparent conductive film 57 1s formed on the
whole surface of the protective film 56 using the sputtering,
method or a vacuum deposition method. Thereatter, the trans-
parent conductive film 57 1s patterned to pattern pixel elec-
trodes 58 correspondingly to the filter elements 53, as shown
in FI1G. 10(f). On the other hand, in the case where TFT's (Thin
Film Transistors) are used for driving a liquid crystal display
panel, the above patterning process can be omitted. Since the
¢jecting head 20 1s used for manufacturing the color filters,
the color filter material can be e¢jected continuously without
any problem, so that it 1s possible to form the color filters well
and to enhance productivity.

Next, a process of manufacturing an organic EL display
device using the banks according to the ivention will be
described with reference to FIG. 11. FIG. 11 1s a side cross-
sectional view of an organic EL display device of which some
constituent elements are formed with the ejecting head 20.
First, an approximate structure of the orgamic EL display
device will be described. The organic EL display device to be
formed here 1s an exemplary embodiment of the electro-
optical device according to the invention. As shown in FIG.
11, 1n the organic EL display device 301, an organic EL
clement section 302 can include a substrate (base member)
311, a circuit element part 321, pixel electrodes 331, banks
341, light-emitting elements 351, a negative electrode 361
(counter electrode) and a sealing substrate 371 1s connected to
wires of a flexible substrate (not shown) and a driving I1C (not
shown). The circuit element section 321 1s formed on the
substrate 311, and a plurality of pixel electrodes 331 are
arranged on the circuit element section 321. The banks 341
are formed 1n a lattice shape between the pixel electrodes 331,
and the light-emitting elements 351 are formed 1n recessed
openings 344 generated by the banks 341. The negative elec-
trode 361 1s formed on the whole top surface of the banks 341
and the light-emitting elements 351, and the sealing substrate
371 1s stacked on the negative electrode 361.
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Each bank 341 can include a first bank 342 and a second
bank 343 stacked thereon. The banks 341 are formed using

the bank forming method according to the mnvention.

The method can include manufacturing the organic EL
display device 301 including the organic EL elements com-
prises a bank forming process of forming the banks 341, a
plasma process of making suitable formation of the light-
emitting elements 351, a light-emitting element forming pro-
cess of forming the light-emitting elements 351, a counter
clectrode forming process of forming the negative electrode
361, and a sealing process of stacking the sealing substrate
3’71 on the negative electrode 361 and sealing them.

In the light-emitting forming process, the light-emitting
clements 351 are formed by forming hole injection layers 352
and light-emitting layers 353 1n the recessed openings 344,
that 1s, on the pixel electrodes 331, and a hole 1mjection
forming process and a light-emitting layer forming process
are included. The hole injection layer forming process
includes a first ejection process of ejecting a first functional
solution for forming the hole njection layers 352 onto the

pixel electrodes 331 and a first dry process of drying the first
functional solution ejected and forming the hole 1njection
layers 352, and the lhight-emitting layer forming process
includes a second ejection process of ejecting a second func-
tional solution for forming the light-emitting layers 353 onto
the hole 1njection layers 352 and a second dry process of
drying the second functional solution ¢jected and forming the
light-emitting layers 353.

In the process of forming the light-emitting element, the
ejecting head 20 1s used 1n the first ejection process in the
process ol forming the hole mjection layer and the second
ejection process 1n the process of forming the light-emitting
layer.

Now, applications of an electronic apparatus including the
clectro-optical device (a liquid crystal display device, an
organic EL display device, plasma display device, etc.) will
be described. FIG. 12(a) 1s a perspective view illustrating an
example of a mobile phone. In FIG. 12(a), reference numeral
1000 denotes a mobile phone body, and reference numeral
1001 denotes a display unit employing the electro-optical
device. FIG. 12(b) 1s a perspective view 1llustrating an
example of a wrist watch type electronic apparatus. In FIG.
12(b), reference numeral 1100 denotes a watch body, and
reference numeral 1101 denotes a display unit employing the
clectro-optical device. FIG. 12(c) 1s a perspective view 1llus-
trating an example of amobile data processing apparatus such
as a word processor, a PC, etc. In FIG. 12(c), reference
numeral 1200 1s a data processing apparatus, reference
numeral 1202 denotes an input unit such as a keyboard, ref-
cerence numeral 1204 denotes a data processing apparatus
body, and reference numeral 1206 denotes a display umit
employing the electro-optical device. Since the electronic
apparatuses shown in FIGS. 12(a) to 12(¢) comprise the elec-
tro-optical device according to the above exemplary embodi-
ments, an electronic apparatus comprising a display unit with
excellent display quality and a bright screen can be embodied.

In addition to the aforementioned examples, examples of
the electronic apparatuses can further include a liquid crystal
television, a view finder type or monitor direct vision-type
video tape recorder, a car navigation apparatus, a pager, an
clectronic note, a calculator, a word processor, a work station,
a television phone, a POS terminal, electronic paper, an appa-
ratus having a touch panel and the like. The electro-optical
device of the invention can be also applied to the display unit
of the above-mentioned electronic apparatuses.
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FI1G. 13 1s adiagram illustrating an example of processes of
forming micro lenses using the banks according to the mven-
tion.

As shown 1n FIG. 13(a), banks 811 are formed on a base
member 810 by using the bank forming method according to
the invention. Then, a functional solution 812 containing a
lens material 1s ejected to the grooves between the banks 811
and 811 from the ¢jecting head 20. As the lens matenal,
transparent material having a high refractive index may be
preferably used, and for example a photo-curable resin, a
thermosetting resin, or an 1110rgamc material may be used. In
this example, the photo-curable resin 1s used for the purpose
ol achieving a decrease 1n temperature of a curing process.
Before the process of ejecting the functional solution 812, 1t 1s
preferable that the aforementioned lyophobic process be per-
formed to the banks 811. Next, as shown 1n FIG. 13(5), the
lens material 812 arranged on the base member 810 1s cured.
The curing process 1s performed by radiating the light of a
predetermined wavelength to the lens material. Further, 1in the
case where the thermosetting resin 1s used as the lens mate-
rial, the curing process i1s performed by heating the lens
material at a predetermined temperature. Through this curing,
process, curved lenses 813 having a convex shape are formed
in the areas partitioned by the banks 811.

As shown 1n FI1G. 14, respective color materials of red (R),
green (), and blue (B) 814, 815, and 816 can be disposed as
color filter forming materials on the curved lenses 813 formed
in the areas partitioned by the banks 811. Since the curved
lenses 813 having the convex shape are formed 1n the areas
partitioned by the banks 811 1n advance, the color materials
814, 815, and 816 are stacked on the curved lenses 813
between the banks 811 through arrangement of the color
materials 814, 815, and 816. The liquid droplet ejecting
method may be used 1n the arrangement of the color materials
814, 815, and 816. As shown 1n FIG. 14, in the color filter, the
light radiated from the base member 810 side passes through
the curved lenses 813 having the convex shape and the color
materials 814, 815, and 816 and then 1s taken out. At this time,
the light 1s concentrated by passing through the curved lenses
813 and 1s converted 1nto light components having predeter-
mined wavelengths by passing through the respective color
maternals 814, 815, and 816. With the concentration of light
by the curved lenses 813, enhancement of brightness of the
extracted light can be achieved.

In this exemplary embodiment, the convex lenses are
formed between the banks, but it should be understood that
the shape of the lenses 1s not limited to this.

FI1G. 15 1s adiagram illustrating an exemplary embodiment
of forming a DNA chip as an inspector using the banks
according to the mvention, where FIG. 15(a) 1s a plan view,
and FIGS. 15(b) and 15(c) are cross-sectional views taken
along the line A-A. Technologies for the DNA chip are dis-
closed, for example, in Japanese Unexamined Patent Appli-
cation Publication No. 10-168386, Japanese Unexamined
Patent Application Publication No. 2000-232883, efc.

In FIGS. 15(a) and 15(b), the DNA chip of this example has
a construction that curved lenses 901 described with refer-
ence to FI1G. 13 are formed on a base member 900 and reactant
902 1s fixed onto the lenses 901. The lenses 901 and the
reactant 902 are Superposed on the areas partitioned by the
banks 903 formed using the bank forming method according,
to the mnvention. As the reactant for the DNA chip, for
example, DNA pieces are used. The DNA pieces of several
tens to several hundreds ol kinds of which gene sequences are
found out1n advance are contained 1n a solution and then fixed
to the corresponding banks 903. In the DNA chip of this

example, as shown in FIG. 15(c¢), the light 1s radiated from the
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rear side of the base member 900, passes through the lenses
901 and the reactant 902, and then 1s extracted. During utili-
zation of the DNA chip of this example, liquid gene samples
9035 are prepared and are disposed on the chip. When a gene
corresponding to the samples exists, the gene reacts to the
reactant 902 through a capture reaction, a base sequence
thereol 1s specified, and fluorescent light 1s emitted by a
synthesized fluorescent dye. The light radiated from the rear
side of the base member 900 1s concentrated by the lenses
901, and thus the brightness of the extracted light is increased,
thereby enhancing visibility.
FIGS. 16(a) to 16(e) are schematic diagrams illustrating
processes of manufacturing the DNA chip. For the purpose of
mmphﬁcaﬂon in FIGS. 16(a) to 16(e), only the cross-section
shown 1n FIG. 15() 1s partially enlarged and shown. First, as
shown 1n FIG. 16(a), the banks 903 for partitioning areas in
which the reactant 1s disposed are formed on the base member
900 on the basis of the bank forming method according to the
invention. Then, as shown in FIG. 16(5), the lyophobic pro-
cess 15 performed to the surfaces of the banks 903. Next, as
shown 1n FI1G. 16(c¢), the lens material 904 1s arranged in the
areas partitioned by the banks 903 by ejecting head 20. Next,
as shown i FIG. 16(d), by radiating light onto the base
member 900 on which the lens material 904 1s arranged and
curing the lens material 904, the curved lenses 901 having a
conveX shape are formed mside the banks 903. Next, as shown
in FIG. 16(e), by arranging the reactant 902 in the areas
partitioned by the banks 903 from the ejecting head 20 and
fixing the reactant 902 onto the lenses 901, the DNA chip 1s
manufactured.
In the atorementioned method of manufacturing a DNA
chip, by arranging together the reactant 902 and the lens
material 904 as a functional material in the areas partitioned
by the banks 903, the lens material 904 and the reactant 902
are surely stacked inside the banks 903. Furthermore, since
the liqud droplet ejecting method 1s used for arranging the
materials, the waste of the lens material or the reactant is
decreased and a desired amount of material 1s exactly
arranged 1nside the banks 903.
What 1s claimed 1s:
1. A method of forming a bank that partitions a predeter-
mined area of a base member on the base member and form-
ing a wiring pattern on the base member, the method com-
prising;:
radiating a first light to the base member over which a
sublimation layer containing a sublimation material and
a photothermal conversion layer are formed, the photo-
thermal conversion layer being provided between the
base member and the sublimation layer and containing a
first photothermal conversion material that converts
optical energy ol the first light into a first thermal energy;

sublimating the sublimation material to form the banks, the
sublimation layer including a binder resin with sublima-
tion pigment or dye dispersed within;

arranging liquid droplets containing a wiring pattern form-

ing material between the formed banks; and

radiating a second light to the base member to generate a

second thermal energy by the photothermal conversion
layer to form the wiring pattern, the second thermal
energy causing the wiring pattern forming material to
exhibit conductivity.

2. The method according to claim 1, the sublimation mate-
rial contaiming a sublimation pigment.

3. The method according to claim 1, a second photothermal
conversion material, which converts at least some of the opti-
cal energy of the first light into a third thermal energy, being
mixed into the sublimation layer.
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4. The method according to claim 1, a surface treatment 8. The method according to claim 1, the radiation of the
that adjusts an aflinity for liquid being performed after radi- first light being performed while relatively moving the base
ating the first light. member with respect to the first light.
S. The method according to claim 1, the first light being 9. The method according to claim 1, the materials separated

radiated trom one surface side of the base member on which

the sublimation layer 1s provided.
6. The method according to claim 5, the first light being

radiated trom another surface side of the base member on
which the sublimation layer is not provided. 11. The method according to claim 1, the base member

7. The method according to claim 1, the first light being 10 being a glass substrate or transparent polymer.

radiated to the base member through a mask having a prede-
termined pattern. %k sk %k ok

° from the base member being vacuumed and removed.

10. The method according to claim 1, the optical energy of
the first light being optical energy of visible light.
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